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Highlights

First detailed assessment of suspended particulate matter (SPM) and
microplastics (MPs) in the Bahia Blanca Estuary.

e Metal-phosphates bonds and mixtures of Fe**/F¢”" iere detected in the SPM.

e Cr, Ni, Fe, Cd, Zn, Pb, and Mn were detected 1. the SPM

e MPs abundance ranged 3 to 11.5 items.L™

e MPs were mostly represented by sern vrhetic cellulose fibers and poly(amide)
e SPM and MPs as the main *an<port vectors for metals in the Bahia Blanca

Estuary.

Abstract

The composition and the interaction of the suspended particulate matter (SPM) with
metal ions, along with the presence and characteristics of microplastics, were analyzed
for the first time in the water column of the inner zone of Bahia Blanca Estuary during
winter (June, July, and August) 2019. Surface analysis techniques (Scanning Electron
Microscopy combined with Energy Dispersive X-Ray Spectroscopy, X-Ray
Photoelectron Spectroscopy, and X-Ray Diffraction) were employed to obtain an in-
depth characterization of the particulate matter, suggesting the presence of Fe in our
samples, with a mixture of Fe*'/Fe’* oxidation states. Microplastics ranged in

concentrations between 3 and 11.5 items L™, with an average of 6.50 items L*
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(S.E:x4.01), being fibers the most abundant type. Infrared Spectroscopy suggests that
these fibers correspond to semi-synthetic cellulose-based and poly(amide) remains. We
concluded that the SPM is a significant vehicle for metals which might have adverse

effects on marine organisms.

Keywords: Microplastics; Suspended particulate matter; Metal ions; Biogeochemistry,

Bahia Blanca Estuary.

1. Introduction

Currently, microplastics (MPs) represent a po.2nti..| danger for terrestrial and
aquatic ecosystems, as well as for air quality sin.oe, unlike other materials, these
pollutants are resistant to degradation (Yu et ai., 20.9). They are defined as plastic
debris (fibers, fragments, pellets, or partici. <) with a size of less than 5 mm (GESAMP,
2015; Guo and Wang, 2019), and they < «n be present in the environment as primary or
secondary microplastics. Primarv Mt are released directly into the environment as
small particles generated from inc istrial and cosmetic products, textiles, and medicines.
The secondary ones are si:all plastic fragments progressively generated by the
continuous weatherirg ~ plastic litter (Silva et al.,, 2018). In marine aquatic
environments, MPs a‘e ubiquitous, and they can be found in the water column
associated with suspended particulate matter (SPM), and in marine sediments, as well as
in the biota (Leslie et al., 2011; Lambert and Wagner, 2018). On the one hand, and due
to their small size, they can be ingested directly by diverse organisms, such as
polychaetes (Wright et al., 2013), zooplankton (Sun et al., 2018), oysters (Fernandez
Severini et al., 2019), crabs (Villagran et al., 2020), and fish (Vendel et al., 2017),
among others. In some of these organisms, the ingestion of MPs has been linked to their

health status, body condition, oxidative damage, neurotoxicity, starvation, and



alterations in their reproductive biology (Von Moss et al., 2012; Wright et al., 2013;
Anbumani and Kakkar, 2018; Critchell and Hoogenboom, 2018). Another concern
about MPs is their association with toxic chemicals, as they tend to adsorb and
accumulate chemical pollutants, such as heavy metals and hydrophobic/hydrophilic
organic compounds, which are also present in marine environments (Silva et al., 2018;
Guo and Wang, 2019; Yu et al., 2019) and could be ingested by organisms. Also, the
adsorption of metal ions on the polymer surface is increased as the material ages, along
with its polarity, surface area, and porosity (Ashton et al., 20"10,. Furthermore, MPs also
serve as substrate and/or vector for the widespread dicuaicuuon of potential pathogens
such as microorganism colonies that could infect hiow..~ species or alter pristine places

(Zettler et al., 2013).

Estuaries are coastal environmerts \here the chemical, biological, and physical
processes are highly dynamic, and they a >t as “filters” or “reactors” that transport inputs
from rivers to oceans (Cochran, 214,. In these environments, the SPM is based on
seston and sediments, whichk are 2ither temporary or permanent particles, always in
exchange with the reservu.r o seabed sediments and the intertidal flats (Turner and
Millward, 2002; Guider et al., 2010; Souza Machado et al., 2015). Moreover, the
biological and chemicil composition of the SPM is strongly influenced by weather
conditions, seasons, and the input of nutrients (Shang and Xu, 2018). In marine
environments, SPM comes from continental and coastal erosion, rivers, anthropogenic
activities, chemical-biological processes in situ, and the atmosphere (Turner and
Millward, 2002). The SPM is an important parameter that influences the primary and
secondary production of plankton, as well as the concentration of different organic and
inorganic trace elements in the aquatic environment (Meybeck et al., 2004; Hakanson,

2006; Shang and Xu, 2018).



The study area, the Bahia Blanca Estuary (hereafter, BBE, Figure 1) is a highly
productive marine ecosystem, considered as one of the most significant coastal
environments in the southwestern Atlantic due to both, the high chlorophyll-a and
nutrient concentrations (Guinder et al., 2012; Spetter et al., 2015a). However, the BBE
Is affected by different anthropogenic activities, such as the presence of important
urban, industrial, and harbor areas (Marcovecchio et al., 2008; Fernandez Severini et al.,
2011), especially on the northern boundary of the Principal Channel (Canal Principal),
where populated areas as Bahia Blanca (300k inhabitants), Prin.> Alta (58k inhabitants),
Ingeniero White (10k inhabitants), and General Da uc: Cerri (9k inhabitants) are
located. Also, one of the largest petrochemical comnices in South America is situated
on the northern shore, with oil refineries, petrockern.'cal industries, and textiles plants
that discharge their effluents into the estuary (Ar’as et al., 2010). Furthermore, the most
extensive naval base (Puerto Belgra: o) «nd the largest deep port (Puerto Galvan) of
Argentina are also located in the B~ which is regularly navigated by large navy ships,
small-scale fishing boats, oil tarke.< as well as by large cargo ships that require regular
dredging of the Principal Ci:anne: (Ferndndez Severini et al., 2012; Truchet et al., 2019;

Fernandez Severini et al., 20".9).

A high numbrr of analytical techniques can be used to obtain accurate
information on the SPM, and MPs. X-Ray Photoelectron Spectroscopy (XPS) is a
highly surface-sensitive technique used for compositional and chemical state analyses.
It gives information about the outer surface of particles, and also about the particle
source. It also reveals the identification and relative concentration of elements and
compounds, including the chemical and electronic states of their core-ionized atoms
(Galvao et al., 2018). XPS is a non-destructive technique that requires no sample

handling and has been used to identify (and/or quantify) light elements. The surface



characterization of the mineralogical phases of the SPM individual particles, as well as
the metals associated with MPs and the degree of weathering, can be analyzed through
Scanning Electron Microscopy combined with Energy Dispersive X-Ray Spectroscopy
(SEM/EDX). Thus, providing combined information about the physical, morphological,
and chemical properties of solid-phase particles (Galvao et al., 2018). X-Ray Diffraction
(XRD) is another surface analysis technique to investigate the chemical structure of a
shallow layer in solid surfaces in the order of a few nanometers. It is based on the
principle that different crystalline structures in solid-state mawcrials diffract X-rays in
different directions and intensities, allowing the identific.*ton of their crystal structure
(Cienfuegos and Vaitsman, 2000). Infrared Spectraoscapy (FT-IR) is a powerful and
non-invasive tool for determining the chemical coi.nosition of MPs, identifying the
different vibrational modes of the functionzl ¢ <0n.ps present in the polymer matrix. The
application of spectroscopic methoc's. such as FT-IR to MPs, allows its chemical

characterization and the discriminauon of plastic particles from natural ones.

To the best of our kncvleuge, there is no data available of these types of studies
with a detailed characterizctio: of MPs and SPM, including different surface analysis
techniques, in none o’ the coastal areas of the Southwestern Atlantic Ocean. Moreover,
there are just a few stu lies around the world that have analyzed the combined behavior
and dynamics of the MPs and SPM, and their effects on the marine biota (Wang et al.,
2017; Frére et al. 2018; Ogonowski et al., 2018; Atwood et al., 2019; Harris et al.,
2019). Thus, the main objectives of the present study were: i) Characterize the particles
present in the SPM in the water column at Cuatreros Port (BBE, southwest of the
Province of Buenos Aires, Argentina); ii) Identify, characterize, and quantify MPs in the

water column; iii) Assess the role of SPM in the transport of pollutants, such as MPs



and heavy metals; and iv) Relate the information about MPs to their interaction with

heavy metals.
Materials and methods
2.1 Study Area

The BBE is a mesotidal system (38°55.5'10.52" S; 62°03'20.75" W) situated in
the Southwestern Atlantic Ocean in Buenos Aires pravince (Argentina), where
semidiurnal tides are predominant, and the average tidal an.»litude is 2.5 and 3.4 m
during the neap and spring tides, respectively. It exten.'s o\ er 2,300 km? and is formed
by a series of small channels running with ari 1!W-SE orientation, separated by
extensive tidal flats (Perillo et al., 2001). It is ~haracterized by a dry temperate climate
with low precipitation and high evaporatic. rates. The mean annual temperature is 15.6
°C and ranges from 22.7 °C to 8.1°C .- the Austral summer and winter, respectively.
The mean annual precipitation is = 16u mm, and the predominant wind direction is from
the NNW (mean velocity: 22.5 k™ n™) (Piccolo and Diez, 2004). Salinity ranges from
25.7 to 37.1 PSU with ternou.al variations, presenting higher values in late spring and
summer (Fernandez-Sevetini et al., 2012). In the tidal flats, sediments range from fine
sand to mud, althouch siliciclastic grains are predominantly composed of quartz,
feldspar, heavy minerals, and organic matter (Cuadrado and Pizani, 2007; Spetter et al.,
2015b).Furthermore, the BBE is a crucial productive marine ecosystem in Argentina
and South America, due to its phytoplankton density with a high nutrient concentration

(Freije et al., 2008; Spetter et al., 2015a).

In the current study, the sampling site was located in the innermost area of the
estuary at Cuatreros Port (CP) (38°45°00°°S; 62°22°46°° W). This area has a mean depth

of 7 m, with vertically homogeneous chemical conditions in the water column that
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maintain significant amounts of SPM, but with high turbidity because of the combined
effect of winds and tidal currents (Perillo et al., 2001; Gélos et al., 2004). The area
presents the highest primary production of the system (Guinder et al., 2015), with
chlorophyll-a concentrations over 40 mg L™ (Freije and Marcovecchio, 2004). This area
also receives sewage discharge inputs from the “Tercera Cuenca” Treatment Plant, and
local untreated domestic wastes. Other water contributions to the estuary are the small
freshwater tributaries, Sauce Chico, Aguara, Saladillo de Garcia and Naposté that also
receive pollutants mainly from different agricultural a.d livestock activities
(Marcovecchio, 2000; Limbozzi and Leitao, 2008; Pu.-t and Marcovecchio, 2018)

(Figure 1).
2.2 Field sampling

Four surface water (0.5-1 m; semplings were carried out during the 2019
southern hemisphere winter (June, Cily, and August) at CP. A total of 7 surface samples
of the water column were taken riaawually with conditioned 1.5 L glass bottles (n=7,
three replicates each) for the Si™™M analysis, and the same procedure was followed for
the MPs samples. Ti.~ rnysicochemical parameters [dissolved oxygen (DO),
temperature (T°), .~ln.**y, pH, and turbidity] were measured at 1 m depth with a
multisensor HANNA Hi9828. For the characterization of chlorophyll-a (Chl-a), a total
of 4 samples with three replicates each were collected in plastic bottles. All the samples
were immediately transported to the laboratory for their corresponding analyses in

refrigerated boxes.
2.3 Chl-a analysis

Water samples were filtered through glass microfiber filters grade F (0.70 pum).

The material retained in the filter was frozen (-20 °C) in the dark and in aluminum foil
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envelopes. Then, Chl-a concentration (ug L) was determined spectrophotometrically
using a Jenway 6715 UV-Vis spectrophotometer and following the methodology

proposed by APHA (1998).
2.4 SPM recovery

Water samples were vacuum-filtered through nitrocellulose filters (0.45 um pore
size, Millipore) and then, the filters with the sample were dried at 50 (£ 5) °C to
constant weight. The SPM samples were weighed on an analyw.~al balance and stored in
a desiccator until further analysis. The SPM concentra*:zn ..as expressed as the mean

mg.L* (£ S.E).
2.5 Analytical Methods

Heavy metal content was deter.nn ed vy ICP-OES using a Shimadzu Multitype
ICPE-9000 Spectrometer. Samplcs were previously digested with 6 mL of HNOS3:
HCIO4 mixture (5:1 v/v) at 110 \+10, °C in a CEM MARS 6 microwave, under a close
system. Then, the volume wa adjusted to 10 mL with HNO3 0.7 %. In all cases,
international protocols c¢* clec.ning procedures were taken into account (APHA, 1998) to
avoid heavy metal ~or.*am.nation. The method detection limit (MDL) was calculated for
each metal by multip.ying the standard deviation of 20 blank replicates by the Student’s
t-test at the 99% confidence level (at n — 1 degrees of freedom) (Federal Register, 1984;
EPA, 2016), resulting in the following values (ug g -1): Cd 0.034, Cr 0.05, Cu 0.09, Fe

3, Mn 0.23, Ni 0.05, Pb 0.04 and Zn 0.011.

The mineralogical composition of the SPM was determined by XRD in a Rigaku
D-Max I1I-C diffractometer with CuKoa radiation and a graphite monochromator,

working at 35 kV and 15 mA, between 3 and 70° 20 (steps of 0.04° 20 and 1 s counting



time per step) and using quartz and alumina as an internal standard. SEM-EDX surface
analyses of previously gold-coated samples were performed with a Zeiss Evo Mal0.
The microscope was operated at 20 Kv in a working distance of 8-9 mm. The size
distribution of non-organic grain was performed in a Malvern Mastersizer 2000, using a
pre-treated sample that was incubated with H,0, 30 % initially at room temperature and

then at 60°C, until removing all the organic matter.

In order to examine the chemical state of the elemer te present on the surface of
the particles of the remaining SPM samples, they were treited vith H,O, 30% at 60° for
5 h. The samples were analyzed using a VG Microtech =S(,A spectrometer with a non-
monochromatic Al Ka radiation source (300 W, 1¢ kv hv =1486.6 ¢V), combined with
a VG-100-AX hemispherical analyzer operei.g at 25 eV pass energy. All the XPS
spectra were calibrated with reference t~ t1.> adventitious C1s peak at 284.8 eV to rule
out any possible spectral shift due to a v arging effect. The chamber pressure was kept
at <10-9 torr during the measurr.u, >nts. All the XPS spectra were deconvoluted using

Casas XPS software with a Grussich—Lorentzian mix function.

2.6 Cleaning procedure 1o d:tection of MPs in SPM

In order to pre\ent contamination from MPs airborne, all the materials used for
the sampling, filtration, and analyses in the laboratory were rinsed with deionized or
ultra-pure water (Milli Q water quality), ethanol (70 %) and then deionized water before
covering them with aluminum foil and then drying them in an oven at 40 °C. Water
filtration was done under laminar flow and the glass equipment was covered with
aluminum foil. All the bench tops were cleaned with ethanol and during all the
laboratory procedures, cotton lab coats, clothing, and nitrile gloves were used. A control

blank was utilized to assess the possible contamination levels by MPs during all the
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laboratory analysis (filtration device, digestion with H,O,, and quantifications of MPs).
Therefore, the MPs in the samples were counted after the subtraction of the MPs found

in the blanks (2 to 3 items/blank).
2.7 Characterization of MPs in the SPM

Water samples were vacuum-filtered through a nitrocellulose filter (0.45 pum
pore size, Millipore) using an aluminum foil-covered glass filtration. Filters were dried
at room temperature, permanently covered to prevent conwmination from airborne
fibers and Petri dishes containing the filters were sealeZ ‘.. further analysis (Noren,
2007; Villagran et al. 2020). MPs were quantified a .1 described based on their visual
properties, such as shape, size, and color, using a sworeomicroscope LEICA S8APO and
an optical microscope Nikon Eclipse LVV100 "yo'en, 2007; Villagran et al. 2020). They
were classified by size (<500 pm, 5¢0-1,500 pm, 1,500-2,500 pm, 2,500-3,500 pum,
3,500-5000 um, and >5000 um). 1 “hers larger than 1,000 um were manually separated
using a hypodermic needle or dissection tweezers for further characterization
techniques. Sub-samples of fibes were transferred to an Al mirror, and their chemical
composition was detern.inec using a Nicolet iN10 FT-IR Microscope. The obtained
data was comparcu ‘Ml he reference spectra of pure polymers. All the spectra were
recorded in the range of 500 to 3,500 cm™ with a resolution of 4 cm™. Analogously, for
the surface characterization and elemental composition analyses by SEM/EDX, other
sub-samples of fibers were placed over the copper tape on an SEM holder and analyzed

using the same procedure and equipment detailed in section 2.5.
3. Results and discussion

3.1 Environmental parameters
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It has been demonstrated that the interaction between toxic pollutants and
particulate matter depends mainly upon the physicochemical variables of the water
column, as well the nature of the particles and the pollutants involved (Eisma, 1981;
Souza Machado et al., 2015). In this study, temperature during the winter period in CP
ranged between 7.4 °C and 11.2 °C, with a mean temperature of 9,0 °C (S.E: £1.8),
while pH on the surface water ranged from 7.12 to 8.81, with a mean value of 8.23 (S.E:
+0.75). The results indicated a mean value of salinity, and Chl-a of 31.75 PSU (S.E:
+3.84) and 2.67 pg.L™ (S.E: +1.70), respectively. The DO ~ai,zentrations ranged from
6.42 10 9.31 mg.L™ (mean: 8.62, S.E: £2.12). These finuizs could be related to the low
temperatures during that period, which favor o.:/gen solubility and also the
photosynthesis process by the phytoplankton bicm (mainly of centric diatoms
Thalassiosira minima) (Guinder et al., 200%; "eriandez-Severini et al., 2012; Spetter et
al., 2015a). However, Chl-a values \ ‘«ere lower in comparison with those presented by
Guinder et al. (2015), where the auuars recorded levels of up to 25 pg.L™ for the same
winter-early spring season. The<e .vver rangers recorded in our study might be due to
grazing predation by micrc ana macro zooplanktonic species such as copepodites of
Eurytemora americana u a3t feed on small diatoms under low temperatures and high
salinity, whereas aa.'ts uf the same species feed on larger diatoms(Berasategui et al.,

2009; 2012).

The SPM content and turbidity presented mean values of 16.06 mg.L™ (S.E:
+2.86) and 14.0 NTU (S.E: +4.76), respectively. Particularly, the levels of SPM were
lower than those usually recorded in the study area (Table 1). This could be explained
by a dry winter season of accumulated precipitations of 220.1 mm. The highest
precipitation was registered in May (48.2 mm), while July did not register any, being

this last one the driest month of the sampling. In the BBE, this implies that the winter
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season corresponds to an atypical dry season for the SW Atlantic, that affects the
biogeochemical cycles, the phytoplankton-nutrients relationship, the phenology and
structure of plankton communities, the SPM, and the behavior of metals as it has been
stated by other authors (Popovich and Marcovecchio, 2008; Guinder et al., 2010;

Spetter et al., 2015a; Villagran, 2019b).

3.2. SPM characterization and interaction with heavy metals

The characterization of the SPM from the in.er ;one of the estuary (CP) by
XRD and SEM/EDX, showed that it is enriched by aictoms frustules, radiolarians, other
unidentified planktonic remains, detritus, and rrv.tal materials (minerals) (Figure 2 and
3). During the sampling period, the mi. eraiogical composition and the grain-size
distribution profiles remained constant. ” he mineralogical composition of the SPM was
represented mostly by quartz, feldznar, <alcite, and, to a lesser extent, clay (Figure 2a).
In this sense, the clay fractior ai.>lysis indicated the presence of smectites as the main
component followed by i, interstratified minerals, chlorite, and kaolinite, in
coincidence with a stuay by Grecco et al. (2006). The grain-size distribution profiles
showed a predominai * composition of fine to medium silt sediment. Most of the
measurements were characterized by one mode, approximately between 30 and 70 pum,
corresponding to silt very-fine sand particles with low clay content (Figure 2b).
However, particles of < 10 um were also observed in the SEM images (Figure 2c). The
EDX analysis (Figure 2c) revealed the presence of diatoms, diatomic remains (spectra 8
and 10) and minerals, such as feldspar and iron oxide (spectrum 9), supporting the
mineralogical composition determined with XRD, although Fe and its species were

expected to be the main components of SPM, they were only detected by EDX, XPS,
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and ICP-OES. Figure 3 shows the biological composition of the SPM, characterized by
the presence of different phytoplankton species, most of them centric and pennate
diatoms commonly found in the BBE. These results are in accordance with a study
carried out by Guinder et al., (2009) during the phytoplanktonic winter bloom in the

inner area of the BBE.

XPS is usually employed to identify the specific electron binding energies (B.E.)
of the surface particles in marine sediments or soils (Gerir. ~t al., 2003; Arnarson and
Keil, 2007; Kim et al., 2014; Guan et al., 2017). Figure. 4a and 4b show the survey
spectra of the untreated samples and those treated wi*h :1-7),, respectively. The relative
element concentration based on the atomic states ¥f th» particles in the SPM samples is
presented in Table 1. The main elements det:c 2d in both types of samples were O, Si,
and in lower proportion Ca, N, CI, C, FZ. A! K, and Na (Table 1). However, the SPM
sample treated with H,O, presented sigrn.*ficant changes in the atomic percentage of N,
C, and Ca, and also showed the rt.cence of P (Table 1). Therefore, phosphorus could
have been released when part f the organic matter was eliminated (e.g., bacteria, algae,
debris, phytoplankton, ana .maller zooplankton captured in the filter) as a result of the
action of H,O,. Thic beiavior means that phosphorus could initially be inside the
organisms and be relersed after the H,O, treatment, and thus would only be detected in

the treated samples, as XPS is a surface particle technique (Figures 4a, 4b).

A detailed XPS analysis of specific electron B.E. of the elements in the
untreated and treated SPM samples is illustrated in Figures 5 and 6, respectively. In
Figure 5a (untreated SPM sample), the Si 2p spectrum can be fitted into three peaks
with the following energy assignments: 102.65 eV to aluminosilicate; 101.87 eV to

organic-Si (C, N) or Si-OH and 103.14 eV to SiO, (Tesson et al., 2009; Ma et al.,
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2019). The presence of organic-Si can be associated with a large number of diatoms in
the phytoplankton bloom during the sampling period. As for the treated sample, the Si
2p spectrum (Figure 6a) can also be fitted into three peaks with similar assignments as
the Si spectrum of the untreated sample. However, the fitted peak at about 99.89 eV is
associated with elemental Si (Tesson et al., 2009; Ma et al., 2019; Thermo Fisher
Scientific Inc.). The spectrum of O 1s of the untreated SPM sample is shown in Figure
5b. The O 1s spectrum of the untreated sample contains contributions from metal-
carbonates, metal-oxides, and oxygenated functional groups o1 *he organic matter. The
fitted peak of O 1s at about 531.40 eV corresponds to -r. L-O-C, and C=0; the peaks
at 530.50 eV and 531.80 eV are associated with me:=l oxides and metal carbonates,
respectively (Flogeac et al., 2005; Shchukarev et ~l., ?008; Guan et al., 2017; Ma et al.,
2019; Thermo Fisher Scientific Inc.). It shou’d "e noted that the metal oxides (Al,Os,
Fe,O3) present their binding energy n t'e range of 528-531 eV (Seletchi and Duliu,
2007; Shchukarev et al., 2008; Guar, ~t al., 2017), while organic-Si and SiO, do it at 101
and 103 eV, respectively. Particu'arly, clay particles can adsorb metal ions via two
different mechanisms that ¢: nenu on pH: i) Cation exchange in the interlayers resulting
from the interactions betv,~e’i ions and permanent negative charge and ii) Formation of
inner-sphere comple.-es hrough surface hydroxyl groups (Si—-O— and Al-O—) of the
mineral surfaces. These groups could provide adsorption sites for dissolved metal
cations and complex ions in seawater (Tamura et al., 2001; Abollino et al., 2003; Guan

etal., 2017).

It can be observed that H,O, treatment shifted the O 1s peak towards lower B.E.
by ~0.5 eV compared to the untreated sample. Consequently, for the treated sample
(Figure 6b), there is a significant shift in the position of the maximum peak in O 1s.

The B.E. positions are observed at 531.58 and 530.50 eV associated with the metal-
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carbonates and metal-oxides, whereas the peak corresponding to organic C=0 was not
detected (Omran et al., 2015; Guan et al., 2017). The spectrum of C 1s is presented in
Figure 5c. The C 1s peak was deconvoluted into three peak components, at 284.75 and
288.83 eV, associated with the C-C and metal carbonate, and the third one located at
286.89 eV, corresponding to C-(O, N) (Flogeac et al., 2005; Seletchi and Duliu, 2007;

Ma et al., 2019).

The N 1s peak centered at 399.78 eV is displayed ‘r. Figure 5d and was also
deconvoluted into one peak component at 399.80 eV &3soc ated with the amide or
amine functions (Seletchi and Duliu, 2007; Tesson ¢t ' 2009; Ma et al., 2019). The
position of the signal of C (284-286.4 eV) and ™ (412-398 eV) could be assigned to
organic matter present in the sample (Flogear, ¢ al., 2005; Seletchi and Duliu, 2007). It
is important to note that organic matter *-na. to form water-soluble/insoluble complexes
with metal ions and hydrous oxides by n.:eracting with mineral particles. Moreover, the
relation obtained of Si, Al, and ™-e ~v XPS at the surface of the SPM particles could
indicate that the organic mat:>r h.s affinity for adsorption on the mineral surfaces as
alumino-silicate and quartz. 'n some alumino-silicates (clays), the general arrangement
of Al and Si atoms i< in 1yers, along with O atoms and -OH groups. Moreover, other
cations, such as Fe, M1, and K, may be included (Pilson and Island, 2013; Gorny et al.,

2016).

The peaks of C 1s (B.E.~285 eV) and N 1s (B.E.~400 eV) in the treated
samples are not shown because their signal were extremely weak and noisy. The P 2p
peak was deconvoluted into one component at 133.55 eV associated with metal-
phosphate (Figure 6¢) (Tesson et al., 2009; Thermo Fisher Scientific Inc.). It is known

that the PO43_ ion tends to be adsorbed on iron oxides and aluminium surfaces, and to
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precipitate in the presence of divalent metals (Ca**, Mg?*) or ferric ions (Fe*") (Bally et

al., 2004; Spetter et al., 2015b).

Fe 2p spectra

For the untreated samples (Figure 7a), the Fe 2p spectrum contains two peaks
of Fe 2p3, and Fe 2p;,; at B.E. positions of ~711.79-711.38 and ~727.42-724.50 eV,
respectively (Shchukarev et al., 2008; Guan et al., 2017). The Fe 2ps;, peak was
deconvoluted into three peak components; the peak at 70°."4 .V associated with FeO
(Fe?"), and the peaks at 711.39 and 713.03 eV, which _oi.2spond to iron oxides (Fe*")
(Omran et al., 2015; Guan et al., 2017). In particular 1. s known that the absence of the
satellite peak between 718.28 and 718.48 eV car n.licate the presence of Fe3;O, (and
which can also be expressed as FeO. Fe;03, Miills and Sullivan, 1983; Taylor et al.
2006; Omran et al., 2015). The Fe 3, prak for FesO, is not shown because the signal
was extremely weak. Nevertheless, u~is result indicates that the Fe found is a mixture of
Fe?" and Fe** oxidation states, wiizn contributes to the Fe 2psy; signal. It should be
noted that the adsorption of ron uxy-hydroxides onto clay minerals is well documented
and depends on the pH oi the water (Boyle, 1977). The presence of Fe?* on a mineral
surface is commonly atuibuted to the complexation of Fe?* by hydroxy ligands, which
stabilize the Fe®" oxidation state present in minerals (Gorny et al., 2016, Guan et al.,
2017). Likewise, the mineral phases containing Fe?* can contribute to the reduction of
other redox-sensitive trace elements, such as chromium (Cr®") and arsenic (As®),
among others (Gorny et al., 2016). For the treated samples (Figure 7b), the Fe 2p
spectrum contains two peaks of Fe 2ps, and Fe 2py,. There is a significant shift in the
position of the maximum peak in the Fe 2p doublet. The B.E. positions are observed for

Fe 2ps» (~711.87-711.48 eV) and Fe 2pi, (~725.28-725.05 eV). The 2ps, peak
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shifted into two components at 711.60 and 715.97 eV corresponding to iron oxides
(Fe**) (Omran et al., 2015; Guan et al., 2017). These results indicate that after being
treated with H,0,, the Fe?* present in the sample (Fe**-organic matter) was oxidized to
Fe**. According to the results obtained by XPS, it can be concluded that the speciation
of iron in the SPM samples of the water column of CP is mostly iron Fe**, and Fe** in a
lower proportion. These species are present as oxides or oxy-hydroxides on the surface

of the mineral.

The mean concentration of heavy metals in the SPM uriag the sampling period is
shown in Table 2. With the exception of Cu and Zn. th. values of heavy metals in the
SPM were lower than those usually recorded in Mis study area (Table 2) (Fernandez
Severini et al., 2017; 2018; Forero et al., 202 J <uhmitted). Most of the particulate metal
levels (Cr, Cu, Ni, Fe, and Mn) diuomented in this study may be due to the
incorporation of these metal ions from u:e dissolved phase by phytoplankton bloom,
that exhibited high abundance d.ing the sampling period. In this sense, during
phytoplankton bloom and cni.*nared with metal levels reported in periods before and
after it, metals in the SPM s, ificantly increased with the concomitant decline of their
levels in the dissolvvec ohese (Cabrita et al., 2020). Therefore, phytoplankton is likely to
be a dominant sink ~f metals during the bloom period of winter. Ni, Fe, and Mn are
essential elements for phytoplankton since they participate in photosynthesis. Twining
and Baines (2013) highlighted that metal concentrations in phytoplankton are strongly
associated to the biochemical demand of the cells, as well as environmental availability.
The metal requirements of phytoplankton are functions of shifting light, macronutrient,
and temperature regimes. Fe is considered the most abundant metal in phytoplankton
and necessary in many biochemical processes like C and N fixation, nitrate and nitrite
reduction, chlorophyll synthesis, as well as for the electron transport chain of
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photosynthesis and respiration. In the case of Ni, it is associated primarily with urease
and a Ni form of superoxide dismutase. Mn is involved in the O,-evolving complex of
photosystem 11 in the oxidation of water. It is also a common Mn form of superoxide
dismutase in diatoms, and participates in phosphorylation reactions (Twining and
Baines, 2013). Cr is not an essential element for phytoplankton and might have toxic
effects for this community, whereas the most stable and common forms in estuarine
environments are Cr** and Cr®* (Souza Machado et al., 2015). The Cr®" is the most toxic
form, being efficiently uptaken by the cells through cellular ~ha.>nels, where this species
suffers chemical reduction reactions that produce inter e tate reactive species that are
harmful to cell organelles, proteins, and nucleic acids \Dwivedi et al., 2010). Moreover,

the mean concentration of toxic metals such as Cc (< MDL) and Pb (mean: 2.50 pg.g~*

d.w, S.E:+0.84 ), were lower than the epcried by Villagran et al., (2019a) and
Fernandez Severini et al., (2017) for u = ~ame site (Table 2). Although it is well known
that Cd and Pb are some of the mos. ~ommon toxic pollutants that can be found in the
water column of coastal envir..mcits with high anthropogenic pressures, such as the
BBE, our values can be relawq to the anomalous low quantity of the SPM. In this sense,
metal ions are mostly cdscroed on suspended particles. Thus, the low amount of the
SPM recorded duriny the sampling period has a direct effect on the concentration of
heavy metals in the water column (Andrade, 2001; Fernandez Severini et al., 2017,
Fernandez Severini et al., 2009). Besides, physicochemical variables, such as pH, DO,

and salinity can also affect the interaction between heavy metal ions and the SPM.

Particularly, the concentrations of Cd and Pb in CP are mostly associated with the
particles of the SPM that come mainly from riverine runoffs (Fernandez Severini et al.,
2018). Cd is also associated with organophosphate compounds used in agricultural

activities in the area (Buzzi and Marcovecchio, 2018) since it is present as an impurity
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in the phosphate rocks. As a persistent pollutant, Pb might be in the estuary due to its
use in gasoline in past decades as antiknock additive, and the petrochemical activities
which are carried out in the estuary since the ‘80s. Some studies detected this metal in
industrial soils (Albornoz et al., 2016) and agro ecosystems (Chen et al., 1997),
suggesting that the sources of these metals in CP might be from regular industrial
activities and diffuse sources such as pesticides with residues of Pb that enter the
estuary from runoffs and drift. Although industrial and urban discharges are punctual
sources, the extensive internal circulation mixing the ectu.y water and its high
residence time result in the distribution of several polutants, like these metals,

throughout the internal zone of the estuary. (Perillo ot ..' . 2001)
3.3. MPs characterization in the SPM and the«r “nteraction with heavy metals

MPs were quantified by colc  ard size in the SPM samples. Fibers were the
most abundant type of MPs, and neorly all of them were blue and black, whereas the
number of fragments was insionii‘cunt (Figure 8). The MPs abundance in the water
column at CP ranged from ** to 11.5 items.L™, with an average of 6.50 items.L™ (S.E:
4.01) (Figure 9a and Y.) The most common size of fibers ranged from 500 to
1,500 um, represenu.rg almost 41.76 % of the whole range of the fibers, while the
remaining 58% comprises the other fiber range sizes (Figure 9c). It is important to
point out that CP receives the input of the sewage discharges from a treatment plant and
domestic waters that might contribute to the presence of the MPs in the water column.
In this regard, Fernandez Severini et al., (2019) and Villagran et al., (2020) reported that
the possible sources of MPs present in the water column of the BBE might be the
sewage discharge from Bahia Blanca city, which has poor treatment, as well as fishing

activities, and maritime traffic. Moreover, the discharge from the river Sauce Chico (1.9
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m?*.s™") along with small freshwater tributaries could be other sources of plastic debris in

the inner zone of the BBE.

MPs in the aquatic environments show a tendency to adsorb pollutants such as
heavy metals, polycyclic aromatic hydrocarbons, organochlorine pesticides, and other
persistent organic compounds (Wang et al., 2017; Guo and Wang, 2019; Yu et al.,
2019). In our study, the interaction between metals and MPs can be inferred through
SEM micrographs and EDX analysis applied to fibers prese.*t in the SPM. In this sense,
Figures 10a and b show SEM micrograph and EDX analy :is of the fibers present in the
SPM. In particular, SEM image (Figure 10a) shows ti.~t ‘ne fiber is partially covered
with other particles, which makes its observaton nd identification difficult. The
mapped sample has a high concentration of ca».on atoms characterized by the red zone
shown in FigurelO(al). EDX analysis <€ tno fiber exhibited a strong C peak and small
peaks of O, Fe, Ca, K, Na, Cl, and Si (F:.7ure 10a2). Figure 10b shows a SEM image
of a fiber section, in which a sulse'ent 4,000x magnification leads us to identify the
deposition of small particles (; robaoly clay minerals) on the smooth surface of the fiber.
EDX analysis on two difteen. surface sites of the fiber is also presented. Both sites
exhibit elemental sigr als, Hut an additional sulfur peak is well denoted in site 2 (Figure
10b1). Also, some stiiries have reported fibers identified as MPs in surface sediments or
air, based on a strong carbon signal obtained from EDX analysis (Fries et al., 2013;
Blair et al., 2019). These authors reported that the presence of trace amounts of Al, Ca,
Mg, Ti, Na, and Si indicate additive substances in plastic polymers or adsorbed debris
on the MPs surface. SEM/EDX images also revealed that the MPs exhibited various
mechanical erosion levels, such as cracks, flakes, and pits, and several small particles
attached to the MPs surface (Figure 11). It is well known that the changes in surface

roughness of plastics are due to material degradation with time (under permanent
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exposition to external UV radiation, mechanical abrasion, temperature, among others.)
(Wang et al., 2017; Yu et al., 2019). The rough surface increases the surface area of
MPs, and it can carry hydrophobic/hydrophilic organic pollutants and heavy metals.
From EDX spectra, elemental composition differences can be appreciated for three sites
on the MPs surface (Figure 11a and b), indicating possible metals that are adsorbed or

transported by MPs (Wang et al., 2017).

Once completed the optical analysis, about 20% of f.~2rs samples were analyzed
by FT-IR for their respective identification. Figure 12 s.ow: the spectra of analyzed
fibers within a standard spectrum of cellulose-bas:a tetile fiber and poly(amide),
respectively. As can be seen from Figure 12a a gc\d a reement is clearly visible both in
peak position and intensity between MPs an. - 2ference material. In all cases, a broad
band of about 3,400 cm™ indicates the 2-h stretching of the alcohol groups present in
the polymer structure. In comparison, a .t of signals at about 1,300 to 1,400 cm™ and
1,000 to 1,100 cm™ are originse. by the C-OH bending and the C-O (or C-OH)
stretching vibrations, respecti ‘ely (Pretsch et al., 2009). The lack of intense and well-
defined peaks in the regio. between 1,650 and 1,750 cm™ indicates the absence of
carbonyl or nitro grot 0s, (e reason why acetate or nitro cellulose-based materials were
not considered as a ronstituent of those MPs. Thus, we suggest that the chemical
composition of fibers analyzed is regenerated cellulose. In this sense, it is known that
this kind of material gained much attention in the last decades as an inexpensive
replacement of cotton in the textile and clothing industry, being Rayon, Viscose,
Lyocell, or Modal, some examples of those commercial fibers. Although those materials
began from natural and renewable sources such as soft-wood, its manufacturing implies
several chemical treatments and the incorporation of additives, which convert them into

anthropogenic pollutants. Finally, a considerable amount of these types of fibers
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originated from the mechanical degradation of clothing textiles and hygiene products
enter the aquatic environment through sewage, avoiding water treatment processes due
to their flotation capacity (Browne et al., 2011). Therefore, and according to the
previously discussed, the BBE, especially CP, is profoundly affected by domestic and

industrial sewage discharges, which seem to be the major MPs constituent.

Our results coincide with a report by Wang et al., (2017), who evaluated the
abundance, composition, surface texture, and interaction o, "Ps with heavy metals in
the surface sediments from the littoral zone of the Bdijiar g River. These authors
suggested that cellulose-based fibers are also preva'’ar.: ir. the environment, and they
should be monitored since they can contain in-ustr al dyes or additives, which are
potentially dangerous for animals and Fuiians due to their carcinogenic and
toxicological effects. Dyachenko et a'., (.717) also found cellulose-based fibers in
wastewater treatment plants, while a framework reviewed by Dris et al., (2017) also
supports the idea that celluluse hased MPs are due to domestic discharges,

strengthening the idea that in “*P, u.ese MPs come from the same domestic source.

The spectrum oriyin~ted by poly(amide) reference and microfiber sample are
presented in Figure 1.u, it can be seen the spectrum of the sample presents good
similarity with respect to the reference. Signals at 3,070 and 3,300 cm™ are assigned to
the N-H stretching, while characteristic amide | and amide Il bands are observed at
1,640 and 1,560 cm™ (Pretsch et al., 2009). Poly(amide) is a material mainly used for
the fabrication of fishing nets, ropes and strands intensively used in nautical activities,
being Nylon 6 or Nylon 6.6, the most popular and inexpensive polymers used (Li et al.,
2016). As it was previously mentioned, the influence of industrial activities and

artisanal and recreational fisheries in the BBE are remarkable, along with the presence
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of the most extensive port and Naval Base of the Argentine Navy (Base Naval Puerto
Belgrano, Punta Alta), and thus, it could be expected to find small fragments of nets,

ropes, and strands as part of the SPM.

In the recent two years, many papers have reported the interaction between MPs
and metal ions (Pb, Zn, Ni, Cu) such as Tang et al. (2020;2021). In particular, Tang et
al. (2020) studied under laboratory conditions, the adsorption process of Pb** ions on
aged surface Nylon MPs as a function of fulvic acid conce.*ration, ionic strength, and
pH (Tang et al. 2020). These authors concluded that th. ad: orption of Pb®* ions on
Nylon MPs was spontaneous and endothermic, and thi. m™:tal ion can form complexes
with a surface carboxyl group on the surface of th> M>s. Moreover, they also informed
that the NaCl concentrations, initial solutic:i 3H, and fulvic acid have a significant
effect on Pb?* adsorption process on ac== su-face Nylon MPs. On the other hand, these
same researchers also demonstrated tha. divalent metal ions as Ni?*, Cu®*, and Zn*
could be interacting with some a'cnxylate anions through electrostatic attraction, as
well as hydroxyl and carbox: 'l gioups through chemisorption on surface Nylon MPs
(Tang et al. 2021). Accora,a 0 environmental variables of the water column of BBE
and the study reporte { by Tang et al. (2020;2021), the high values of salinity, alkaline
pH, and dissolved o ganic matter of autochthonous origin (with low degree of
aromaticity and microbial origin, Martinez personal communication) could be affecting
the adsorption process of some heavy metal ions on aged Nylon microplastics present in
the estuarine water. On the other hand, Fernandez Severini et al. (2020) found some
black fragments and polymer fibers in the abdominal muscle of shrimps (Pleoticus
muelleri) from the BBE. These polymeric particles exhibited some pollutants adsorbed
(Br and Zn) on their surface, and inorganic plastic additives (barium salts) in their

composition.
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Though in our study, a battery of several metals and their possible association
with MPs have been studied as well as their potentially toxic effects on the biota, further
studies should include the effects of the interaction MPs-Hg and MPs-As. In the case of
Hg-MPs, studies by Barboza et al. (2018a, b) evaluated the combined and single effect
of Hg and MPs in the European seabass Dicentrarchus labrax. These authors concluded
that MPs influence the bioaccumulation of Hg in the juveniles of this species. The
mixture caused neurotoxicity (through acetylcholinesterase inhibition), oxidative stress
(by increased lipid oxidation), and changes in the activitv o1 ~nergy-related enzymes
(through changes in some dehydrogenases). Also, the cumpined effects of this metal
and MPs reduced the swimming performance, its ve!ncity and resistance time in D.
labrax, and this could imply further effects on the ropulation fitness (Barboza et al.,
2018b). In the case of As-MPs, few studies [ na.yzed this interaction and the possible
ecotoxicological effects in marine or_:anisms. Recently Dong et al. (2020) determined
that As®* was adsorbed on the suii~ce of polystyrene microplastic particles (PSMPs)
through hydrogen bonding with the curboxyl group. Thus PSMP could act as an Arsenic
carrier with harmful effects “n ti.e biota. However, more research should be conducted
in relation to the interaction detween these toxic elements and MPs and their potential

effects on organisins.

As a final remark, SPM and MPs are vectors of several pollutants, which can be
potentially dangerous for aquatic organisms. The negative impacts are due to a
cumulative effect of these vectors or to a potential synergic effect of vectors and
pollutants. The harmful effects can be tracked in the interactions of metals with the fine
fractions (silt-clay) of the SPM and sediments due to the high surface area that provide a
proper site for the accumulation of heavy metals and other toxic substances (Souza

Machado et al., 2015). Moreover, high concentrations of suspended solids in the water

25



column can generate adverse impacts on marine and coastal biodiversity. The MPs also
provide a proper area with fractures, pits, roughness, besides their high hydrophobicity,
among other factors that could enhance their toxic effect due to the accumulation of
trace elements. The functional groups at polymer particle surfaces determine the surface
charge properties that allow them to interact with ions or complexes. In this sense, some
studies have found that the interaction between MPs and metals in the marine
environment is associated with modification of MPs surface because of organic matter
adhesion (Turner and Holmes, 2015;Wang et al., 2017). A~cu.ding to our results, the
individual MPs fibers analyzed seem to carry the comr.ui. metals present in the natural
suspended particles, and these metals are relativelv ncn-toxic. Finally, it is noteworthy
that the association of MPs with heavy metals i suangly influenced by the presence
and concentration of organic matter in the $P, « 7nd by the interaction with silt and clay

minerals that accumulate metals.
4. Conclusion

We here report for the first time the chemical, geological, and biological
composition of the SPh! prasent in Cuatreros Port (BBE, Argentina) with different
optical and spect’woopi tools. We also assessed the presence of MPs in the water
column of this human-impacted estuary, the XPS, XRD, and SEM/EDX analyses
revealed that the SPM is composed of MPs, diatoms frustules, other unidentified
remains of plankton, detritus, and minerals such as quartz, feldspar, calcite, and clay
(illite), with a particle size ranging between 30 to 70 um. The XPS analyses showed the
presence of metal-phosphate and Fe species (Fe?* and Fe®") in the SPM. It was also
feasible to detect the presence of heavy metals with ICP-OES, especially Cr, Ni, Fe, and
Mn, and some of these metals, such as Fe, were also identified with SEM/EDX on MPs

surfaces. Those results also established that the SPM acts as vectors of transport of
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heavy metals in CP.

MPs encountered in the SPM were mostly fibers, of blue and black colors. The
spectroscopic analyses showed that cellulose-based textile fibers and poly(amide) fibers
were predominant. Moreover, mesoplastics (> 5 mm) were also found in the SPM.
Therefore, the primary inputs of MPs in CP are likely to be untreated sewage
discharges, small-scale artisanal fisheries, nautical activities, mostly present in the area,

and riverine runoffs.

EDX spectra exhibited different types of eleme~:~ \.. various sites on the fiber
surface, such as Ti, Fe, and Al, suggesting that MPs are possible metal vectors in CP.
Whereas the SEM images showed the presence ot \'=kes, fractures, and small particles
of minerals on the surface, demonstrating a vzafering process in MPs that could also

enhance their role as crucial vectors of trar e elements.
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Figure Captions

Figure 1. Map of the study area in the Bahia Blanca estuary. The point indicates the
study site, Cuatreros Port (CP).
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Figure 2. X-ray diffraction analysis (a), the grain size distribution profile (b), and SEM/
EXD micrograph for different particles present in the suspended particulate matter

(SPM) at 3000x (c).

Figure 3. SEM micrograph of the biological composition of the suspended particulate
matter (SPM) obtained at different magnifications: (a) 1250x, (b) 2000x, (c) 2150x, (d)

4600x, (e) 6000x and (f) 8000x.

Figure 4. XPS survey spectrum of the suspended particula*> n.>tter (SPM) sample: (a)

untreated and (b) treated with hydrogen peroxide (H,O:)

Figure 5. XPS survey spectrum of the untreatec' sus)ended particulate matter (SPM)

samples. XPS intensities of: (a) Si 2p, (b) O 75, ) C 1sand (d) N 1s.

Figure 6. XPS survey spectrum of the treated suspended particulate matter (SPM)

samples. XPS intensities of: (a) Si z,.. (b) O 1s and (c) P 2p.

Figure 7. Detail XPS spectrc of i=e 2p and fitted Fe 2p3, spectra of the sample: (a)

untreated and (b) treated wi.~ hydrogen peroxide (H,05)

Figure 8. Images ¢* microplastics (MPs) found in the samples of the suspended

particulate matter (SPM).

Figure 9. Size range of the fibers according to the colors of the fibers (a), the

percentage of colors (b), and the percentage of size range (c).

Figure 10: (a). SEM micrograph, (al) mapping image and (a2) EDX spectra of the
fiber present in the suspended particulate matter (SPM); (b). SEM micrograph and (b1)
EDX spectra of the fiber present in the suspended particulate matter (SPM). SEM

micrograph of the fiber at 4000x (Small insert).
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Figure 11. SEM micrographs of MPs with magnification: (a) 3000x and (b) 7500x.

Small insert: EDX spectra for three sites on the surface of the microplastics (MPs).

Figure 12. FT-IR spectra of microplastics (MPs) detected in the samples of the

suspended particulate matter (SPM): (a) Cellulose-based textile and (b) Poly(amide).
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Table 1. Atomic percentage (determined by XPS) of the untreated suspended

particulate matter (SPM) samples, and treated with hydrogen peroxide (H2O)

Samples Atomic percentage (%0)
(@) C Si Al Ca Fe Na N Cl K P
Sample 55.3 9.8 216 | 5.8 2.5 1.8 1.2 1.0 0.6 0.4 | ND
untreated
Sample treated | 54.85 | 7.22 | 22.0 | 5.7 39 | 167 | 161 | 054 | 0.9 0.6 1.3

with HzOz.
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Table 2. Mean concentrations (+ SD) of heavy metals (ug g * dw) in the suspended particulate matter (SPM).

Comparison with mean heavy metals of the other studies reported in the Bahia Blanca Estuary (BBE).

Location SPM
(mg.L™) Cd Cu cr Fe Mn T N Pb Zn References
BBE, 16.06 + 2.86 <MDL 46.35+5.02 3.15+1.02 2,985 +1,634,83 1z. 5+ 194 1.15+0.37 25+0.84 103.5 £37.48 This study
Argentina,
CpP
BBE, 46.13+17.04 21.87-49.06 4.99-23.98 15,677 6. 590 T 11.57-702.7 4.91-18.14 5.34-.14.1 50.6-93.42 Fernandez
Argentina 0.07-0.63 Severini et al.
(2017)
BBE, <0.03-16.26 | = ---- <0.06-27,1 | — | 0.05-80.52 0.04-7843 | = - Fernandez
Argentina Severini et al.
(2018)
BBE, 71.96 + 0.43+0.22 17.08+ 3.6” 1.2+2.24 25,470 + 4613 548.5 + 99 9.37+£ 1.92 5.41+ 2.16 55.51 +14.6 Forero et al.
Argentina, 28.75 (unpublished
CP A WA data)
BBE, 80.96 = 0.37 £0.30 1940+ %5 15.22 +5.06 29,558 + 8426 558.8 + 148.2 11.13+3.39 7.70+5.22 60.98 £ 14.6 Villagran et al.
Argentina, 43.67 (2019b)
CcpP
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Highlights

First detailed assessment of suspended particulate matter (SPM) and
microplastics (MPs) in the Bahia Blanca Estuary.

Metal-phosphates bonds and mixtures of Fe®*/Fe** were detected in the SPM.

Cr, Ni, Fe, Cd, Zn, Pb, and Mn were detected in the SPM

MPs abundance ranged 3 to 11.5 items.L™

MPs were mostly represented by semi-synthetic < !'uiuse fibers and poly(amide)
SPM and MPs as the main transport vectors for metals in the Bahia Blanca

Estuary.
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